. Incidence of ear rot pathogens under alternating corn tillage practices. Plant Dis. 82:781-784.
The ear rot pathogens of corn (Zea mays L.), Stenocarpella maydis (Berk.) Sutton, Fusarium moniliforme J. Sheld., F. subglutinans (Wollenweb. & Reinking) P.E. Nelson, T.A. Toussoun, & Marasas, and F. graminearum Schwabe, occur worldwide wherever the crop is cultivated (3) (4) (5) 29) . Symptoms of S. maydis ear rot can be observed during early ear development, resulting in yellowing and drying of infected ear bracts on a green maize plant. White mycelial growth generally begins at the ear base and may infect the entire ear. A transverse section through an infected ear will expose pycnidia at the kernel bases. Lateseason infections, which take place when kernel moisture is low, are often symptomless, and a slight discoloration of the embryo may occur. F. moniliforme and F. subglutinans symptoms are characterized by two symptom types. The first is growth of white-pink cottony mold on kernels alongside damage caused by insects, hail, or birds. The second is a pink kernel discoloration of undamaged kernels. These fungi often infect kernels without developing any visible symptoms (9) . Ear rot results in yield losses, reduced grain quality (12) , and mycotoxicological problems (24) .
Ear rot pathogens of corn overwinter to a greater or lesser extent on host residues (2) (3) (4) 11, 21, 30, 31) . Minimum tillage promotes Stenocarpella ear and stalk rot (10, 14, 16) , whereas the severity of Fusarium stalk rot increases or is not affected by conventional tillage (6, 23, 25) . Fusarium ear rot, however, is not affected by tillage practice (10) .
Advantages of reduced tillage include retention of soil moisture (1, 8, 13) , constant soil temperatures (22) , maintenance of pH (7) , improved soil structure (8, 19) , and lower production costs (17) . Producers therefore have been reluctant to revert to conventional tillage and the removal of surface corn stubble to reduce the incidence of Stenocarpella ear rots. The aim of this study was to determine the efficacy of periodic plowing in reduced-tillage field practices in reducing fungal inoculum and thereby managing corn ear rot economically.
MATERIALS AND METHODS
A field trial was carried out at Bloekomspruit (26°50′S -28°20′E), South Africa, from 1993-94 to 1995-96 on a Hutton-Mzinga soil type. The locality was selected on the basis of the high incidence of ear rot (10) . Tillage practices applied prior to planting were rip-on-row to a 50 cm depth followed by tiller, moldboard plow to 35 cm, shallow chisel to 30 cm, a V-blade plow to 10 cm, and a disk-plow to 15 cm. Continuous tillage practices over seasons were interrupted by a moldboard crossplow practice after 1, 2, and 3 years, respectively ( Fig. 1 ). Plot size was 9 × 25 m with 1.5-m inter-and 0.3-m intrarow spacings. Treatments were replicated three times in a randomized complete block design. Previous studies (10) showed this plot size to be adequate to reduce interplot interference. The Stenocarpella ear rot susceptible maize cultivar PAN6528 was planted. Weed and pest control and fertilization were according to standard field management practices.
At harvest each season, 100 plants from the two center rows of each plot were randomly sampled, and the incidence of S. maydis-infected ears was determined visually, based on discoloration. The entire sample was shelled, and a representative 250-g sample of kernels was extracted. Kernels were sorted, and the percentage of visibly diseased kernels was determined by mass. A random 200-kernel sample from each treatment replicate was surface-sterilized in 3.5% NaOCl for 3 min, and kernels were plated on half-strength malt extract agar (Oxoid). After 2 days, fungal colonies that developed were transferred to a corn kernel medium containing 10 g of ground corn kernels, 12 g of agar, and distilled water to make 1 liter. Cultures were incubated for 14 days under black light at 28°C. S. maydis was identified by pycnidium and spore morphology (29) . A second random 200-kernel sample from each treatment replicate was plated after surface sterilization on Rose Bengal-glycerine-urea medium (32) for enumeration of F. moniliforme, F. subglutinans, and F. graminearum according to Nelson et al. (20) .
At harvest each season, four 1,296 cm 2 samples of surface stubble were randomly collected in each plot, washed, air-dried, and weighed. The amount of stubble was calculated as g m -2 . Five random stubble segments were used to determine the number of pycnidia in five random 0.25 cm 2 squares on the surface of each segment. Regression analysis was used to determine the relationship between S. maydis ear rot incidence and surface corn stubble quantity. Data were analyzed using analysis of variance (Statgraphics 2.6). Significant differences between alternating tillage practices were determined by least significant difference at P = 0.05. The data for seasons were analyzed separately, and appropriate transformations were used where necessary.
RESULTS
A linear relationship was recorded between stubble mass and S. maydis-infected ears during all seasons ( Fig. 2 ). Surface stubble mass accounted for 46.90, 54.40, and 73.15% of the variation in S. maydis ear rot incidence during the 1993-94, 1994-95, and 1995-96 seasons, respectively.
Tillage practice significantly affected surface stubble mass over all seasons (Tables 1 to 3 ). During the 1993-94 season, the V-blade practice generally had a significantly higher surface stubble mass than did moldboard plowed treatments, with reduced tillage practices ranging from disk-plow/cross-moldboard plow (2.90) to rip-on-row for two seasons (29.90) ( Table  1) . During the 1994-95 season, the three continual moldboard plow practices (4.83, 2.13, 3.83) had significantly lower surface stubble than the three-season V-blade (22.90) and V-blade/cross-moldboard plow/V-blade (19.70) practices ( Table 2) . Two seasons V-blade followed by a crossmoldboard plow in the third season significantly reduced surface stubble to 3.27 ( Table 2) . Reduced tillage practices varied in surface stubble mass between these extremes, with the final season crossmoldboard plow reducing surface stubble mass to levels that did not differ significantly from the continuous plow practices. During the 1995-96 season, the range of surface stubble mass was lower than the previous season. Two of the continual moldboard plow practices (1.83, 4.60) had significantly lower surface stubble mass than the V-blade/cross-moldboard plow/Vblade (two seasons) (14.53) and the two seasons V-blade/cross-moldboard plow/Vblade practices (13.87) ( Table 3) . Again, a three-season V-blade followed by a crossmoldboard plow significantly reduced surface stubble mass to levels of continuous plow. Reduced tillage practices varied in surface stubble mass between these extremes. Generally, surface stubble mass was significantly reduced in V-blade and reduced-tillage plots that were cross-moldboard plowed.
Pycnidium counts on stubble from various tillage practices did not differ significantly over the three seasons.
Tillage practice significantly affected the incidence of S. maydis-infected ears during 1993-94 and 1995-96, and to a lesser ex- t Log transformations were used for all data. u Tillage treatment applied: RoR = rip-on-row, CP = cross plow, P = plow, SC = shallow chisel, VB = V-blade, D = disk. v Means within columns followed by different letters differ significantly at P < 0.05 according to least significant difference test. w S. maydis-infected ears were determined visually according to ear discoloration and presence of pycnidia. x A 250-g sample of kernels was removed for each replicate, and infected kernels (irrespective of pathogen) were sorted out, weighed, and expressed as a percentage of the total sample. y A random 200-kernel sample for each replicate was plated out on half-strength malt extract agar, incubated at 28°C for 48 h, and plated out on a ground corn kernel agar for identification. z Surface stubble for 1,296 cm 2 samples was randomly collected, washed, air-dried, weighed, and calculated as g m -2 . tent, percent visibly infected kernels and S. maydis rotten kernel isolation frequencies during 1994-95 and 1995-96 (Tables 1 to  3) . Ear rot incidences varied from 7.72% (moldboard plow two seasons) to 20.66% (V-blade two seasons) in 1993-94, and from 11.63% (V-blade three seasons followed by cross-moldboard plow) to 23.57% (V-blade two seasons, cross-moldboard plow and V-blade) in 1995-96. Incidence of ear rot was highest with V-blade plowing, followed by other reduced-tillage practices, with moldboard plow being less. Cross-moldboard plow practice applied after a number of seasons reduced Stenocarpella ear rot levels to those achieved with successive moldboard plowing. However, after a single season of the original tillage practice, levels of Stenocarpella ear rot again increased significantly. The percent rotten kernels and isolation frequency of S. maydis from kernels differed significantly during 1994-95 and 1995-96 but not in 1993-94. Tillage practices had no effect on the incidence of Fusarium spp. ear rot over all seasons (data not shown).
DISCUSSION
Significant linear relationships between surface stubble mass and S. maydis ear rot incidence have previously been reported (10). The relatively low R 2 values obtained indicate that surface stubble mass accounted for approximately half of the variation in S. maydis ear rot incidence. Additional variation may be attributed to climatic effects affecting spore production, infection, and ramification processes. Surface stubble supports fungal overwintering and production of pycnidia more readily than does buried stubble (11) , but the role of climatic factors has not yet been elucidated. Pycnidia counts (data not shown) were higher during the 1993-94 and 1995-96 seasons, which were wetter (642.5 and 891.3 mm, respectively), than during the drier 1994-95 season (499.3 mm) even though the range of surface stubble in 1994-95 was greater than in 1995-96. This suggests that wetter seasons, more favorable for pycnidium production (27) , result in higher S. maydis ear rots even when surface stubble mass is less. Reduced-tillage practices had higher surface stubble masses than conventional moldboard plowing practice, which is in agreement with previous research (1) . Pycnidial density did not differ on stubble pieces within a season, implying that tillage practice did not affect pycnidium development on surface stubble. Removal of stubble by conventional moldboard plowing therefore reduces inoculum. This was also noted where cross-moldboard plowing after a number of seasons of a given reducedtillage practice reduced stubble levels.
The reduction of S. maydis-infected ears, visibly rotten kernels, and S. maydis kernel isolations by moldboard plow was t Log transformations were used for all data. u Tillage treatment applied: RoR = rip-on-row, CP = cross plow, P = plow, SC = shallow chisel, VB = V-blade, D = disk. v Means within columns followed by different letters differ significantly at P < 0.05 according to least significant difference test. w S. maydis-infected ears were determined visually according to ear discoloration and presence of pycnidia. x A 250-g sample of kernels was removed for each replicate, and infected kernels (irrespective of pathogen) were sorted out, weighed, and expressed as a percentage of the total sample. y A random 200-kernel sample for each replicate was plated out on half-strength malt extract agar, incubated at 28°C for 48 h, and plated out on a ground corn kernel agar for identification. z Surface stubble for 1,296 cm 2 samples was randomly collected, washed, air-dried, weighed, and calculated as g m -2 . previously reported in Zimbabwe (14) and South Africa (10) as being due to reduction of surface stubble. The significant reduction in S. maydis variables caused by crossmoldboard plowing was noted only for the season in which the latter was applied. During the subsequent season application of the original tillage practice, an increase in S. maydis ear rot was again observed. For long-term cultural control of the disease, persistent moldboard plowing therefore seems to be the only viable option. The absence of significant tillage effects on the incidence of Fusarium spp. is in accordance with some tillage reports (10,25) but disagrees with others (6, 23, 28) . All three Fusarium spp. relevant to the present investigation overwinter on host residues (2, 18, 21, 25, 28) . Nyvall and Kommedahl (21) found F. moniliforme survival to be poorer on surface corn stubble compared with stubble buried to 30 cm; whereas Skoglund and Brown (25) recovered F. moniliforme and F. subglutinans in equal numbers from buried and surface stubble. Kommedahl and Windels (15) reported F. graminearum to survive in buried host tissue, provided that the tissue integrity is maintained. Therefore, plowing in of stubble would not necessarily reduce Fusarium spp. inoculum as with S. maydis. Tillage effects may also be masked by the endophytic and seedborne nature of Fusarium spp. and by their wide host range, facilitating inoculum dissemination to adjacent corn fields by wind or insects (4, 5, 26) .
